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(54) PROJECTION OPTICAL SYSTEM AND IMAGE FORMING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection optical 
system and an image forming device by which a viewing angle 
can be made large and high resolution is realized without 
increasing the number of lenses. 

SOLUTION: An image forming lens part 4 which is provided 
with the aspherical-surface lenses 41 and 42 having a 1st 
shape for correcting the aberration of plural laser beams in the 
1st direction and a 2nd shape for correcting the aberration in a 
2nd direction orthogonally crossing the 1st direction and whose 
object side is formed to be telecentric is arranged. Then, a 
diaphragm 43 is arranged between and the lens part 4 and a 
photoreceptor drum 3. Thus, the viewing angle can be made 
large and the high resolution is realized without increasing the 
number of lenses. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The projection optical system characterized by to have the lens equipped with the light source which 
carries out outgoing radiation of the picture signal light based on image information, the 1st configuration 
which amends aberration about the 1 st direction of said picture signal light, and the 2nd configuration which 
amends the aberration of said picture signal light about said 1st direction and the 2nd direction which intersects 
perpendicularly, and to have drawing between the image-formation lens section which used the body side as the 
tele cent rucksack, and said image-formation lens section and plane of projection. 

[Claim 2] Said image formation lens section is the projection optical system of a configuration of amending 
aberration based on said 1st configuration about either the main scarming direction of said picture signal light or 
the direction of vertical scanning, and amending aberration based on said 2nd configuration about said 1st 
direction of said picture signal light, the main scanning direction which is said 2nd direction which intersects 
perpendicularly, or the direction of vertical scanning given in the 1 st term of a claim. 
[Claim 3] Said lens is the projection optical system of a configuration of having an aspheric surface 
configuration which is different about said the 1st direction and said 2nd direction given in the 1st term of a 
claim. 

[Claim 4] The light source which carries out outgoing radiation of two or more laser beams which have two or 
more laser components arranged in the shape of an array, and are based on image information, The image 
support which has an electrostatic latent image formed by the ability irradiating said two or more laser beams. 
The 1st configuration which amends aberration about the 1st direction of said two or more laser beams. Image 
formation equipment characterized by having the lens equipped with the 2nd configuration which amends the 
aberration of two or more of said laser beams about said 1st direction and the 2nd direction which intersects 
perpendicularly, and having drawing between the image formation lens section which used the body side as the 
tele cent rucksack, and said image formation lens section and said image support. 

[Claim 5] Said image formation lens section is image formation equipment of a configuration of amending 
aberration based on said 1st configuration about either the main scanning direction of two or more of said laser 
beams or the direction of vertical scanning, and amending aberration based on said 2nd configuration about said 
1st direction of said two or more laser beams, the main scanning direction which is said 2nd direction which 
intersects perpendicularly, or the direction of vertical scanning given in the 4th term of a claim. 
[Claim 6] Said lens is image formation equipment of a configuration of having an aspheric surface 
configuration which is different about said the 1st direction and said 2nd direction given in the 4th term of a 
claim. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the suitable projection optical system for a printer, a copying machine, etc., and 
image formation equipment, especially, this invention suppresses the increment in lens number of sheets, and 
relates to the projection optical system and image formation equipment which a field angle is size and realize 
high resolution. 
[0002] 

[Description of the Prior Art] There are some which are shown in JP,9-193450,A as conventional image 
formation equipment. A laser array with two or more laser light emitting devices by which this image formation 
equipment was arranged in the shape of an array. The field lens which makes a condensing point condense two 
or more laser beams which carried out outgoing radiation from each laser light emitting device, The projection 
optical system which consists of a lens group to which image formation of two or more laser beams which 
carried out outgoing radiation from each laser light emitting device is carried out to each image formation point, 
It has the photo conductor drum located by each image formation point of two or more laser beams in an 
exposure field, and it is condensed by the condensing point and a projection optical system carries out image 
formation of two or more laser beams by which outgoing radiation was carried out from each laser light 
emitting device according to the picture signal as two or more optical spots on a photo conductor. The photo 
conductor drum is rotating at the rate of predetermined in the direction of vertical scarming, and the electrostatic 
latent image according to a picture signal is formed in the front face. This electrostatic latent image becomes a 
record form with a record image by imprint fixation being carried out as a toner image, after being developed 
with a toner. 

[0003] In order to condense so that it may become a predetermined diameter of an optical spot required for 
image formation, and to carry out image formation of two or more laser beams by which outgoing radiation is 
carried out from a laser array on a photo conductor, the projection optical system of high resolution is needed 
for a field angle in size with such image formation equipment. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since according to conventional image formation 
equipment aberration will arise at the optical spot by which image formation is carried out on a photo conductor 
if the field angle of a projection optical system is made into size, it becomes difficult to perform high-density 
image recording. Equipment cost becomes size while becoming an increase of components, if the lens which 
amends this aberration is prepared. Moreover, in order to suppress aberration, when a field angle is made into 
smallness, there is a problem that the size of a projection optical system is expanded in the direction of an 
optical axis, and the whole equipment is enlarged. Therefore, it is in the object of this invention offering the 
projection optical system and image formation equipment which the number of sheets of a lens is not made to 
increase, but a field angle is made to size, and can realize high resolution. 
[0005] 

[Means for Solving the Problem] The light source which carries out outgoing radiation of the picture signal 
light based on image information in order that this invention may attain the above-mentioned object, The 1st 
configuration which amends aberration about the 1st direction of said picture signal light, The projection optical 
system which has the lens equipped with the 2nd configuration which amends the aberration of said picture 
signal light about said 1st direction and the 2nd direction which intersects perpendicularly, and has drawing 
between the image formation lens section which used the body side as the tele cent rucksack, and said image 



formation lens section and plane of projection is offered. 

[0006] In the projection optical system described above, as for the image formation lens section, it is desirable 
to amend aberration based on the 1 st configuration about either the main scanning direction of picture signal 
light or the direction of vertical scanning, and to amend aberration based on the 2nd configuration about the 1st 
direction of picture signal light, the main scanning direction which is the 2nd direction which intersects 
perpendicularly, or the direction of vertical scanning, and, as for a lens, it is desirable to have an aspheric 
surface configuration which is different about the 1st direction and 2nd direction. According to the above- 
mentioned projection optical system, it becomes possible to amend aberration about the 1st direction of picture 
signal light based on the 1st configuration, to amend aberration about the 2nd direction which intersects 
perpendicularly in the 1st direction based on the 2nd configuration, and to make a field angle into size by 
irradiating plane of projection through drawing, and to realize high resolution. 

[0007] Moreover, the light source which carries out outgoing radiation of two or more laser beams which have 
two or more laser components arranged in the shape of an array, and are based on image information in order 
that this invention may attain the above-mentioned object. The image support which has an electrostatic latent 
image formed by the ability irradiating said two or more laser beams, The 1st configuration which amends 
aberration about the 1st direction of said two or more laser beams, The image formation equipment which has 
the lens equipped with the 2nd configuration which amends the aberration of two or more of said laser beams 
about said 1st direction and the 2nd direction which intersects perpendicularly, and has drawing between the 
image formation lens section which used the body side as the tele cent rucksack, and said image formation lens 
section and said image support is offered. 

[0008] In the image formation equipment described above the image formation lens section Based on the 1st 
configuration, aberration is amended about either the main scanning direction of two or more laser beams, or 
the direction of vertical scanning. It is desirable to consider as the configuration which amends aberration about 
the 1st direction of two or more laser beams, the main scanning direction which is the 2nd direction which 
intersects perpendicularly, or the direction of vertical scanning based on the 2nd configuration, and, as for a 
lens, it is desirable to have an aspheric surface configuration which is different about said the 1st direction and 
said 2nd direction. According to the above-mentioned image formation equipment, it becomes possible to 
amend aberration about the 1st direction of two or more laser beams based on the 1st configuration, to amend 
aberration about the 2nd direction which intersects perpendicularly in the 1st direction based on the 2nd 
configuration, and to make a field angle into size by irradiating image support through drawing, and to realize 
high resolution. 
[0009] 

[Embodiment of the Invention] Drawing 1 and drawing 2 show the outline configuration of the image formation 
equipment concerning the gestalt of operation of this invention. In addition, in this drawing, in X, the direction 
of vertical scanning and Y show a main scanning direction, and Z shows the direction of an optical axis. 
Moreover, drawing 2 is an outline block diagram in XZ side. This image formation equipment 1 has two or 
more laser components arranged in the shape of two-dimensional in the direction X of vertical scaiming, and the 
main scanning direction Y. Two or more laser beams from each laser component The semiconductor laser array 
2 in which outgoing radiation is possible simultaneous independently to parallel. The photo conductor drum 3 
which rotates with the drum driving gear 5 mentioned later, and the image formation lens section 4 to which 
two or more laser beams by which outgoing radiation was carried out to parallel are projected on the photo 
conductor drum 3, and carry out image formation from each laser component of the semiconductor laser array 
2, The drum driving gear 5 which outputs the timing signal which synchronized with the revolution of the photo 
conductor drum 3 while carrying out revolution actuation of the photo conductor drum 3, The image memory 6 
which memorized the picture signal, and the digital disposal circuit 7 which reads a picture signal firom an 
image memory 6, processes the picture signal, and outputs the record signal according to a record pattern. The 
laser actuation circuit 8 which inputs the record signal from a digital disposal circuit 7, and drives the 
semiconductor laser array 2, and the control circuit 9 which outputs a control signal to the laser actuation circuit 
8 synchronizing with the timing signal from the drum driving gear 5, and controls actuation by the laser 
actuation circuit 8 are provided. 

[0010] the image formation lens section 4 has been arranged at the photo conductor side of the 1st anamorphic 
aspheric lens 41 formed in an aspheric surface configuration which is different in the direction X of vertical 
scanning, and a main scanning direction Y, the 2nd anamorphic aspheric lens 42 formed in an aspheric surface 



configuration which is different in the direction X of vertical scanning, and a main scanning direction Y, and the 
2nd anamorphic aspheric lens 42 - extracting - 43 - having - a body side - a tele cent - it is rucksack optical 
system. 

[001 1] Moreover, although it omits a graphic display, this image-formation equipment 1 formed image- 
formation means, such as an electrification machine, a development counter, and an imprint machine, in the 
perimeter of a photo conductor drum 3, prepared the feed section which supplies a record form to an imprint 
machine in the preceding paragraph of an imprint machine, and has prepared the delivery unit which delivers 
paper to the fixing assembly established in the toner image imprinted by the record form, and the record form 
with which it was fixed to the toner image in the latter part of an imprint machine. 

[0012] Next, actuation of this equipment is explained. A digital disposal circuit 7 reads a picture signal from an 
image memory 6, processes the picture signal and outputs the record signal according to a record pattern to the 
laser actuation circuit 8. The drum driving gear 5 outputs the timing signal which synchronized with the 
revolution of the photo conductor drum 3 to a control circuit 9 while carrying out revolution actuation of the 
photo conductor drum 3 with a fixed rotational speed. A control circuit 9 outputs a control signal to the laser 
actuation circuit 8 synchronizing with the timing signal from the drum driving gear 5. The laser actuation circuit 
8 inputs the record signal from a digital disposal circuit 7 based on the control signal from a control circuit 8, 
and drives the semiconductor laser array 2. The semiconductor laser array 2 carries out outgoing radiation of 
two or more laser beams to abbreviation parallel in the direction Z of an optical axis from each laser component. 
Only the lateral magnification of the image formation lens section 4 is expanded, two or more laser beams by 
which outgoing radiation was carried out from the semiconductor laser array 2 are projected on the photo 
conductor drum 3, and image formation is carried out. On the photo conductor drum 3, two or more optical 
spots are formed and the electrostatic latent image according to a picture signal is formed. Then, toner 
development of the electrostatic latent image on the photo conductor drum 3 is carried out by the development 
counter, the toner image is imprinted vnih an imprint vessel by the record form to which paper was fed from the 
feed section, and a fixing assembly is further fixed to it, and it is delivered to a delivery unit. Thus, a high 
definition image is formed on a record form. 

[0013] According to the above-mentioned configuration, the following effectiveness is acquired. 
(I ) Aberration amendment required in order to form a high definition image on the photo conductor drum 3 is 
attained, considering as the minimum lens number of sheets by using as an anamorphic aspheric lens the lens 
which constitutes the image formation lens section 4. 

(RO ) In the image formation lens section 4, since drawing 43 has been arranged to the photo conductor drum 3 
side outside the 1st anamorphic aspheric lens 41 and the 2nd anamorphic aspheric lens 42, a field angle 
becomes large, and the diameter of a lens can be made small, and each laser beam from the semiconductor laser 
array 2 can be projected on all the fields on the photo conductor drum 3. 

(Ha ) the body side of the image formation lens section 4 ~ a tele cent - since it is rucksack optical system, it 
spreads in the light source, and the semiconductor laser array 2 with a small angle can be used, and high 
resolution is obtained. 

(NI ) Since the minimum lens number of sheets can constitute, the image formation lens section 4 and all the 
optical path lengths of optical system can be shortened, and image formation equipment can be miniaturized. 
[0014] 

[Example] When the horizontal coordinate which made the optical axis the zero is set to X and a perpendicular 
direction coordinate is set to Y, the amount z of sags of a field parallel to the Z-axis (x y) is shown by the 
formula 1 shown below. 
[Equation 1] 



CUX ■ CUY • y2 

1+{1-a-(l+KX) ■ CUX^ - -a+KY) ■ CUY* • y*) 
+ AR{(1-AP)x2+(1+AP)y2}2 
+ BRl(1-8P)x2+{1+BP)y2)3 
+ CR{(1-CP)x2+(1+CP)y^)* 
+ 0R{(1-0P)x2+{1+0P)y2)'' 



CUX: 7X¥*|B]*$ 

GUY: M^r^A$ 

CR : p]mt'^h0Q'^<j)^m^m<om^tin^n 

DR : Pimt^^(J>^o^a>^fi^%m(D^HnP^^^ 
AP : p\f&^i^O4^<!)^mmik<04¥^^ti^aL^ 
BP : nrntf^h^osdio^m^^iKntmunVf^n 
CP : nmti^ii>m^omM%»<j^nmuM^&if 
DP : nm.*^hoio^ou9^m»<otm^iiimsLi^ 



[0015] A table 1 shows the lens data of the image formation lens section 4 of the image formation equipment 
concerning the gestalt of operation of this invention. In this table, the # column shows the field niunber, #0 
shows the outgoing radiation side of the semiconductor laser array 2, #1 to #2 show the 1st anamorphic aspheric 
lens 41, #3 to #4 show the 2nd anamorphic aspheric lens 42, #5 extract, 43 is shown and #6 show the front face 
of the photo conductor drum 3, i.e., the image surface. The column of radius of curvature r shows the radius of 
curvature of each side. The column of thickness or Spacing d shows the distance from each field to the next 
field. The column of a refractive index shows the refractive index of the ingredient which forms the 1st 
anamorphic aspheric lens 41 and the 2nd anamorphic aspheric lens 42. 
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In a table 1, * shows the aspheric surface, it defines as a formula 1 and the value of the multiplier in the formula 
1 of each side is shown by the following table 2. 
[A table 2] 















CDX 


: 0.019113 


CUY 


' 0.013449 




KY : 


- I 240197 


KX : 


- 2 070537 


# 1 


AR : 


- 0. 16786 IE- 11 


BR : 


- 0. 604504E''l i 




CR : 


0. 334955E-26 


DR : 


- 0. 145872E-15 




AP : 


- 0. 134854E+03 


BP : 


0. 80577 lEf 00 




CP : 


- 0. 133272E+04 


DP : 


- 0. 894S33E+00 
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• - 0 00084029 


CUY 


: - 0 0030686 




KY : 


- 7L 044272 


KX ; 


1224. 332807 
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[0016] In the image formation lens section 4 which has lens data shown in a table 2, wavelength lambda, a focal 
distance f, all field angle 2theta, Activation FNo, and a scale factor M are set as lambda= 775nm, f = 70.000mm, 
2theta=52deg, FNo=16, and M= 6. 

[0017] Drawing 3 shows the above-mentioned aberration of the image formation lens section 4, in drawing 3 
(a), the spherical aberration of the image formation lens section 4 and drawing 3 (b) show the astigmatism of the 
image formation lens section 4, and drawing 3 (c) shows the **** aberration of the image formation lens 
section 4. According to the above-mentioned image formation lens section 4, as shown in this drawing, 
aberration is suppressed, and the image of high resolution can be obtained by this. In this drawing (b), S (broken 
line) shows the astigmatism of the direction of vertical scanning, and T (continuous line) shows the astigmatism 
of a main scanning direction. 

[0018] Drawing 4 is drawing showing an MTF (Modulation Transfer Function) curve. The MTF curve 
corresponding to the body high of 0mm, 15mm, and 30mm is shown. Like a graphic display, the MTF curve is 
prolonged to high spatial frequency, and has high resolution. And as above-mentioned, all field angle 2theta is 
52 degrees, and a projection optical system with a large field angle is acquired. 

[0019] Moreover, the projection optical system conceming this invention serves as a tele cent rucksack by the 
body side, and can carry out amplification projection of the point of the laser array arranged on two-dimensional 
emitting light on a photo conductor at accuracy. 

[0020] Although the above-mentioned image formation equipment explained the configuration which used the 
photo conductor drum as image support, the dielectric of the shape of a belt photo conductor, the shape of a 
drum, and a belt can also be used, for example. Moreover, it is also applicable to the image formation 
equipment which has a medium imprint object. 
[0021] 

[Effect of the Invention] The 1st configuration which amends aberration about the 1st direction of picture signal 
light according to this invention as explained above. Since it has the lens equipped with the 2nd configuration 
which amends the aberration of picture signal light about the 1st direction and the 2nd direction which intersects 
perpendicularly, the body side was used as the tele cent rucksack and it considered as the projection optical 
system which has drawing between the image formation lens section and plane of projection The number of 
sheets of a lens is not made to increase, but a field angle is made to size, and high resolution can be realized. 



